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(54) IMAGE DISPLAY ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an image display element for 
facilitating mounting and electrode wiring, improving production efficiency 
and displaying high quality images. 

SOLUTION: A substrate for crystal growth composed by successively 
crystal- growing the respective layers of a light emitting diode element 
provid d with a multi-layer structure is divided and a bar-shaped body for 
which the plurality of light emitting diode elements are linearly arrayed is 
attain d. 



•S H- — 




LEGAL STATUS 

[Dat of request for examination] 

[Dat of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the 

examin r s decision of rejection or application converted 

registration] 

[Dat of final disposal for application] 
[Pat nt number] 
[Date of registration] 

[Numb r of appeal against examiners decision of rejection] 

[Dat of requesting appeal against examiner's decision of 
r jection] 

[Dat of extinction of right] 



Copyright (C); 1998.2003 Japan Patent Offic 



http://www19.ipdl jp .g jp/PA1/r sult/d tail/main/wAAATxaiohDA41 3284641P1.htm 



03/09/04 



1/1 ^-v 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has b n translated by computer.So the translation may n t reflect th riginal precisely. 

2. **** shows th word which can not be translated 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The image display element characterized by the bird clapper, the substrate for crystal growths to which it com s 
to carry out the crystal growth of each class of a light emitting diode element which has multilayer structure one by one 
being divided, and being used as the rod-like structure by which two or more light emitting diode elements were arrang d in 
th shape of a straight line on the same substrate. 

[Claim 2] The above-mentioned substrate for crystal growths is an image display element according to claim 1 
charact rized by the bird clapper from with a Mohs hardness of seven or less material. 

[Claim 3] With an above-mentioned Mohs hardness of seven or less material is an image display element according to claim 
2 characterized by being single crystal silicon. 

[Claim 4] The above-mentioned light emitting diode element is an image display element according to claim 1 charactenz d 
by b ing a nitride semiconductor device. 

[Claim 5] The above-mentioned nitride semiconductor device is an image display element according to claim 4 
charact rized by being a GaN system DI-V group semiconductor device. 

[Claim 6] The image display element according to claim 1 characterized by rare earth elements being doped by the barri r 
layer among each class of the above-mentioned light emitting diode element 

[Claim 7] The image display element according to claim 1 characterized by preparing the common electrode of two or mor 
abov -mentioned light emitting diode elements in the above-mentioned image display element. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The t chnical field to which invention belongs] Especially this invention relates to the chip using Light Emitting Diode which 

carri d out light emitting diode element two or more arrangement about a light emitting diode element. 

[0002] 

[Description of the Prior Art] a lot of information data are processed by development of rapid technology in recent years — 
things become possible and the demand to the full color display which displays [ processing and ] a lot of image information 
is incr asing in connection with this There are some which used the light emitting diode (it calls Light-emitting diode and 
Following Light Emitting Diode) element as one of such the display. That is, the display with which a desired picture is 
acquired can be made by arranging the Light Emitting Diode element which can be driven by the high brightness low batt ry 
in desired configurations, such as the shape of a matrix, and making each Light Emitting Diode element drive, respectiv ly. 
And much display which has arranged the Light Emitting Diode element in the shape of a matrix is proposed as indicated by 
JP.56-1738A JP.5-53511A JP,7-335942.A. JP.9-1 97979.A, JPJ0-22529.A, JP.8-306961,A, JP.7-129097.A, JP.6- 
232456A JP,6-45660A etc. 
[0003] 

[Probl m(s) to be Solved by the Invention] By the way, in the process which manufactures such display, although it is 
necessary on a big screen to carry out mounting wiring of every one Light Emitting Diode element, this process takes v ry 
much time and the manufacture yield is also low considered to be a bird clapper easily. The yield per one unit and the 
problem of production time are solvable by dividing and producing to the small unit of a Light Emitting Diode element 3 
piece x3 piece matrix, and it being parallel and performing much mounting wiring for every unit, there, as indicated by JP,7- 
129097 A 

[0004] However, if a unit is made small too much in this case, the problem that mount as a big screen and the yield at the 
tim of wiring becomes low will arise. Then, it is necessary to form the unit of the size optimal for mounting wiring 
Moreov r, although there is a method which is indicated by JP.56-1 738,A, for example as how to take out the electrod at 
the tim of forming a unit in this way, in the case of such a method, the boundary between each unit is conspicuous, and 
ther is a problem of it becoming impossible to display original image information in it 

[0005] Therefore, it is originated in view of the conventional trouble mentioned above, and mounting and electrode wiring 
are asy, productive efficiency is good, and this invention aims at offering the image display element which can display a 
high-d finition picture. 
[0006] 

[M ans for Solving the Problem] The substrate for crystal growths to which it comes to carry out the crystal growth of 

ach class of a light emitting diode element which has multilayer structure one by one is divided, and it is characterized by 
the bird clapper, the image display element concerning this invention being used as the rod-like structure by which two or 
more light emitting diode elements were arranged in the shape of a straight line. 

[0007] The substrate for crystal growths to which it comes to carry out the crystal growth of each class of a light emitting 
diode el ment which has multilayer structure one by one is divided, and let the image display element concerning this 
inv ntion be the rod-like structure by which two or more light emitting diode elements were arranged in the shape of a 
straight line. 

[0008] In this image display element, since the mounting man day of the Light Emitting Diode element at the time of forming 
display etc. by making an image display element into a base unit since two or more light emitting diode elements are 
arrang d, and the number of wiring of an electrode are cut down sharply, it becomes what was excellent in productive 

ffici ncy, and the good high-definition picture of visibility can be displayed 
[0009] 

[Emb diments of the Invention] Hereafter, with reference to a drawing this invention is explained in detail. 
[0010] An example of the image display element which applied this invention to gestalt drawing 1 or drawing 3 of the 1st 
op ration is shown. Drawing 1 is the plan of the image display element 1 which applied this invention. Drawing 2 is drawing 
of I ngitudinal section in X1-X2 line of drawing 1 . Moreover, drawing 3 is drawing of longitudinal section of the Light 
Emitting Diode element section. 

[001 1] A barrier layer is equipped with two or more Light Emittin- Diode elements which it comes to form between the 
semic nductor layer by the sid f n lectric conduction, and th semic nductor layer by th side of p el ctric conduction, 
and the imag display I m nt 1 which applied this inv ntion is constitut d. Here, p I ctric c nduction sid points out th 
semic nductor layer b tw n a barri r layer and p I ctrode. and n I ctric conducti n side shall sandwich a barrier lay r, 
and shall point out the semic nduct r layer which is in an pposit side p electric conduction side. The imag display 

lem nt 1 which appli d this inv nti n Nam ly. f r xampl , Si substrate which is the substrat 3 for the crystal growths of 
a Light Emitting Di de elem nt, Th AIN:Si lay r which is th n side buffer lay r 4 form d on the 1 principal plane of Si 
substrat , Th GaN:Si lay r which is the n sid buffer lay r 5 form d n the AIN:Si lay r. The AIGaN:Si layer which is th n 
sid clad lay r 6 formed n the GaN:Si layer, The InGaN/GaN lay r which is th barrier lay r 7 formed n the AIGaNrSi 
layer, The AIGaN:Mg lay r which is the p side clad layer 8 form d n th InGaN/GaN lay r, It has two or m r Light 
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Emitting Diode elements 2 which have the GaN:Mg lay r which is the p side c ntact layer 9 formed on the AIGaN:Mg lay r. 
the p fectrod 10 formed n the GaN:Mg layer, and the n electrode 11 form d in the other pnnc.pal planes of S. substrat . 

[OT12] C CylindSy. it cuts and the abov -mention d image display element 1 is charact riz d f r th substrate which used 

Kight EmS Diod element 2 f r the crystal gr wth of the Light Emitting Di d element 2 cone rned by th cleavage 

or arranging m re than one in the shap of a straight line on a substrate, as shown in drawing 1 or drawjng3 . 

[0013] Tha? iT the above-mention d image display element 1 becomes p ssibl [ cutting down sharply the mounting man 

day 2 oth r substrates at the time of producing display tc. ]. in order that th Light Emitting D.ode el ment 2 of a 

or d termined number may be arrang d on the substrat 3 f r the crystal gr wths of the Light Emitting Diod I m nt 2 

cone rne m d anc n may make this a base unit Therefore, since th Light Emitting Diod lement 2 can be mounted simp, and 

efficiently productive efficiency can be raised j- Uw 

[00?4] moreover - the principal plane of the side in which each Light Emitting Diode element 2 of the .mage display 
elem rrt I was formed, and an opposite side - each Light Emitting Diode element 2 on the image display element 1 - the 
n TecSode ?1 common to all is formed Therefore, since it can become possible to cut down sharply he number of wiring of 
the e?ectrode at the time of producing display etc. and an electrode can be wired s.mple and efficiently. wh,le being able to 
raise Droductive efficiency, the reliability of electrode wiring can also be raised. w ., . 

U015 1 Moreover in the above-mentioned image display element 1. it is characterized by having grown up the mtr.de and 
SKS Emitting Diode element 2 with a nitride semiconductor on the substrate 3 for the crystal growths of th 

m^SS!!i^^i^ Diode e.ement 2 with a nitride semiconductor. RGB can be obtained and the effect 
that degradation can moreover make luminescence quantity efficiency high few can be acquired. And as a nitride 

U~er 3 ^E^ES ragXtl^nt Litis characterized by Mohs hardness using seven or I ss 

^^Z%^^:^sl^ ^i^Zrw~Ln on sapphire. Mohs hardness is , 
and sapphireTverv hart and very difficult to cut with high precision with the means of the dic.ng saw wh.ch usually 
performsTclUvage. If silicon on sapphire is cylindrical* cut using a dicing saw. in a 

micr m ter dispersion will usually arise in one cutting plane. However, when dispersion in cutting by this ^cteavage .s Jarg . 
fault will arise in the process which mounts the image display element 1 which is the process after producing display on 
I" substrate. Therefore, dispersion in cutting in the longitudinal direction of the image display element 1 needs to 
or ss d wn the both-sides side of the image display element 1 to about 10 micrometers in all. 

[0019] I Then the yield can also be raised, while being able to reduce dispersion in the size of the cuttmg plane* .the t m 
^performing a cleavage when Mohs hardness uses six or less material as a substrate 3 tor the crystal growths ot _ a Ugnt 
EmittinE Diode element and being able to perform a cleavage with a sufficient prec.s.on. As what fu fills such condrt.ons the 
quartz whose Motehardness is 7 for example, and the single crystal silicon whose Mohs hardness is 7 can be used surtably. 
And with Tbout 1-2 micrometers, afchough dispersion in cutting when a quartz performs cuthngby '^J^™*^ 
is about 5 micrometers, since there is very little dispersion in cutting when performing cutting by the dicing saw m the cas 
of smgle crystal silicon, it can use single crystal silicon more suitably. Moreover, as compared with sapph.re etc smgle 
crystal silicon is cheap and can manufacture the quality Light Emitting Diode element 2 cheaply by us.ng single crystal 
silic n as a substrate 3 for the crystal growths of a Light Emitting Diode element. 

[0020l Moreover, in the above-mentioned Light Emitting Diode element 2. the color of > u ™° s ^ e ^ is , 

Light Emitting Diode e.ement 2 can be changed by doping rare earth elements to InGaN ^e^GaN/Gamayer which is a 
barri r layer 7 Here as rare earth elements in which a dope is possible. La, Ce, Pr. Nd, Pm. Sm Eu Gd. Tb Uy. Ho, tr. I m. 
STL et" can be used for InGaN, for example. B.ue luminescence can be obtained by dop.ng Eu. Sm and Er espec.ally by 
b ing able to obtain red luminescence, and being able to obtain green luminescence by dop.ng Tb. and do P'^ Tm - 
[0021] Predetermined rare earth elements are doped to InGaN as mentioned above^ For exampfc, the first color Thre 
Wnds of mage display elements which have arranged three kinds of Light Emrtting Diode elements of the second color and 
th tfrird cofor, respectively are produced. The image display element concerned is arranged one by one ,n order of the 

mag d^play element 12 of the first color, the image display element 13 of the second color, and the , mage d.sp ay element 
14 f the thJd color, as shown in drawing 4 . the p electrode 10 and the n electrode 1 1 for example, by wiring us.ng a w.r 

to A f»lectrochromatic display can be constituted simple and efficiently. 

[0S22] The a7 ^ earth e.emeni doped to InGaN in the above are chosen, the first color Moreover blue Namely, by sett.ng 
«450-tt<ZJn luminescence wavelength-range region and the second color to green, i.e.. a 5()0-540nm luminescence _ 
wav ^ngth^ange region, and setting the third color to red. i.e.. a 610-640nm luminescence wavelength-range reg.on Qualrty 
Zc«T«JZ f can^be constituted*^ and efficiently by being able to arrange three colors ^f'^^^ 
display element of these RGB3 color one by one, as shown in drawing! . and w.r.ng p electrode and n electrode us.ng a 
wire tc 

[0023] The image display element 1 constituted as mentioned above is producible as follows. 

[0024] First, the substrate 3 single-crystal-silicon substrate for the crystal growths of a Light Emitting Diode element is 
prepared and a single-crystahsLon substrate is washed using the organic solvent eta The washed substrate ,s inserted 
fo, Tamp*" into MOCVD (M tal Organic Chemical Vapor D positi n) equipm nt and th rmal cleaning .s g,ven by heating 
substrate t mp rature in temp ratur of 800-1050 degrees C. 

[0025] N xt in temp ratur with a growth temperatur of 700-1000 d gr es C. an AIN.S. layer ,s form d as an n s.de buff r 
laver 4 n the 1 principal plane f a single-crystal-silicon substrate. ~ 0 - , 

|X>26] Next a sinS^cry^c n substrate is heated in t mperatur of 700-1000 degre s C. and an GaN:S. lay r .s 
formed as a buff r layer 5 on an AIN:Si lay r at the thickness of 0.1 m.crom t rs r m re. 

[0027] N xt a^ngle^rystal-silicon substrate is h at d in temperatur of 1000 degr s C. and (aluminum) GaN:S. lay r .s 

f 7m d as7n „ .id clad layer 6 n an GaN:Si layer at th thickness of about 1 microm ter. Her . rt ,s not n cessary to 

necessarily f rm aluminum layer that what is necessary is just to mak it mix if needed. 

. . . . . . 03/09/04 
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[0028] Next, a singl -crystal-silicon substrate is h ated in temperature of 600-800 degrees C, and an InGaN/GaN layer is 
formed, n an AIGaN layer at th thickn ss of about 1-6nm as a barrier layer 7 f multipl x quantum well structur 
(MQW:Multi-Quantum-Well). H re. alth ugh the contents of In in an InGaN/GaN layer differ with the luminescence 
wavelength demanded, i.e., the lumin scent c lor. it is desirable to c nsider as 1% - about 80%. F r xampl . red 
luminescence can be obtained by being able t btain blue luminesc nee, and b ing able t obtain green lumin sc nee by 
considering as about 40%, and considering as 50% r m re by making th cont nt of In in an InGaN/GaN layer into about 
20%. M reover. as a barrier layer, InGaN/AIGaN. InGaN/AIN, etc. can also be used besides InGaN/GaN. 
[0029] Moreover, the wav I ngth of luminescence btained from the Light Emitting Diode el ment 2. i.e.. a color, can b 
changed by doping rare earth to InGaN. Here, as rar earth in which a dop is p ssible, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, 
Dy, Ho, Er, Tm, Yb, Lu, etc. can be used f r AIGaN, for example. Blue lumin sconce can be obtained by doping Eu, Sm, and 
Er esp cially by being able to obtain red luminescence, and being able to obtain green luminescence by doping Tb, and 
doping Tm. 

[0030] Next, a single-crystal-silicon substrate is heated in temperature of 980 degrees C, and a AIGaN:Mg layer is formed 
as a p side clad layer 8 on an InGaN/GaN layer at the thickness of about 0.1-0.2 micrometers. Here, the effect of 
improv ment in the property of InGaN under it or improvement in the luminous efficiency by overflow electronic 
suppression can be acquired by mixing boron in AIGaN. 

[0031] Next, a single-crystal-silicon substrate is heated in temperature of 800-980 degrees C, and GaN:Mg is formed as a p 
side contact layer 9 on a AIGaN:Mg film at about 0.1 -micrometer thickness. 

[0032] In the above, trimethylgallium (TMGa) and triethylgallium (TEGa) can be used as a raw material of Ga. Moreover, NH3 
can be used as a raw material of N. And as a raw material of Mg, screw methyl eye lopentadieny I magnesium (MeCp) (2Mg) 
and JISHIKURO pentane magnesium (Cp2Mg) can be used. 

[0033] Next a p type carrier is activable by annealing the substrate which carried out the crystal growth in the above for 
10 minutes at the temperature of about 800 degrees C. 

[0034] Next the electrode pad 1 6 is formed on a GaN:Mg layer. By the spin coater, a resist is applied and exposure and 
development are performed to the principal plane of the side in which washed the above-mentioned substrate, next the 
substrate carried out the crystal growth using the photo mask corresponding to the size and configuration of the electrod 
pad 16. And nickel/Pt/Au is formed by the vacuum deposition to thickness (10nm, 100nm, and about 300nm) after 
d v lopment, respectively, and an electrode pad is formed by performing a lift off with an acetone. 
[0035] Next a transparent electrode is formed. A resist is applied and exposure and development are performed to the 
principal plane of the side in which washed the substrate in which the above-mentioned electrode pad 1 6 was formed, n xt 
the substrate carried out the crystal growth by the spin coater using the photo mask corresponding to the size and 
configuration of a transparent electrode 17 to form, and after development (for example, Au) — 10nm of thickness — a 
vacuum deposition — forming membranes — an acetone — a iift off — a iine — a transparent electrode 1 7 is formed by 
things 

[0036] Next isolation is performed. Isolation can be performed by *^**^Mc*i n g to the predetermined thickness of an 
GaN:Si film using reactive ion etching (RIE) etc. 

[0037] Next rear-face polish of a substrate is performed. A photoresist is applied to the front face of the side in which th 
I ctrode pad 1 6 grade of a substrate which performed isolation was formed, by the spin coater as a protective coat And 
the principal plane of an opposite side is ground the side in which the rear face of a substrate, i.e., electrode pad 1 6 grade, 
was formed until the thickness of a Light Emitting Diode element is set to about 100 micrometers using a grinder etc. 
[0038] Next the n electrode 11 is formed. Au, aluminum, or Cu is used as an n electrode 11. Wet etching etc. removes th 
oxide film formed in the principal plane of the side which gave the rear face of the substrate which gave rear-face polish, 
i. ., polish. Next an acetone etc. removes the photoresist formed in the front face of the side in which the front face of a 
substrate, i.e., the above-mentioned electrode pad 1 6 grade, was formed, as a protective coat and the n electrode 11 is 
form d by forming Au by the vacuum deposition in thickness of about 300nm at the principal plane of the side which gav 
th r ar face of a substrate, i.e., wet etching. 

[0039] Next the image display element 1 as shown in drawing 1 and drawing 2 is producible by performing a cleavage using 
a dicing saw etc. so that the Light Emitting Diode element 2 may arrange more than one in the shape of a straight line on 
the image display element 1. At this time, the n electrode 1 1 produced in the above is also divided into each image display 
I ment 1. 

[0040] Other examples of the image display element which applied this invention to gestart drawing 5 or drawing 7 of th 
2nd peration are shown. Drawing 5 is the plan of the image display element 25 which applied this invention. Drawing 6 is 
drawing of longitudinal section in X3-X4 line of drawing 1 . Moreover, drawing 7 is drawing of longitudinal section of the Light 
Emitting Diode element section. 

[0041] Si substrate whose above-mentioned image display element 25 is a substrate for the crystal growths of the Light 
Emitting Diode element 26. The GaN:Si layer which is the n side buffer layer 18 formed on the 1 principal plane of Si 
substrate, it forms on a GaN layer — having — barrier-layer growth — with Si02 which is the mask 20 equipped with the 
hi 19 barrier-layer growth — with the GaN:Si layer which is the n side clad layer 21 formed into the hole 19 barrieHay r 
gr wth — with the InGaN/GaN layer which is the barrier layer 22 formed in a hole 19 and on the mask 20 The AIGaN:Mg 
lay r which is the p side clad layer 23 formed on the InGaN/GaN layer. It has two or more Light Emitting Diode elements 26 
which have the GaN:Mg lay r which is th p side c ntact layer 24 formed on the AIGaN:Mg layer, the p el ctrode 10 f rm d 
on the GaN:Mg layer, and th n I ctrode 1 1 formed in the oth r principal plan s of Si substrate, and is c nstitut d. 
[0042] Th ab ve-mention d imag display element 25 of c mp srti n fundam ntal xcept using th mask 20, in case a 
barrier lay r 22 is formed is th same as that f the gestaft of th 1 st operati n aim st and it has the same ff ct 
Theref r . her explains formati n of th barri r layer 22 which uses a different mask 20 fr m th g start of th 1st 
op rati n. 

[0043] In th above-mention d Light Emitting Diode el m nt 26. th GaN lay r which is the n side buffer layer 1 9 is f rm d 
on the 1 principal plan of the single-crystaJ-silic n substrat which is the substrat 3 f r the crystal growths f a Light 
Emitting Diode element and Si02 is form d as a mask 20 n th GaN layer concerned, and as sh wn in the mask 
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cone rned at drawing 8 and drawing 9 , in the in-ev ry-directi n direction, it stands in a line in the shape f 
[ predetermined ] a straight lin — as — barrieHayer growth — the hole 19 is formed barrier-lay r gr wth — the portion 
which tak s the I ad in cas a hole 19 grows up a barrier lay r 22 — it is — barrieHayer growth — an GaN:Si layer is 
form d in the thickness which is about 1 micrometer as an n sid clad layer 21 at the pars basilaris ossis occipitalis of a 
h le 19 and an GaN:Si lay r top — barrieHayer growth — a hole 19 is buri d and the InGaN/GaN layer which is a barrier 
layer 22 is further f rmed in the hexagon along the upper surface of a mask 20 

[0044] By considering as the above composition, positioning of the Light Emitting Di de element 26 on the image display 

I m nt 25 can be nsured [ simple and ], and it can consider as the image display lem nt 25 with a sufficient 
arrangem nt precision of th Light Emitting Diode lement 26. 

[0045] Next the image display element 25 constitut d as m ntion d abov can b made lik , and can be produc d. 
[0046] First, a single-crystal-silicon substrate is prepared as a substrate 3 for the crystal growths of a Light Emitting Diod 
el m nt and the single-crystal-silicon substrate concerned is washed using the organic solvent etc. The washed substrate 
is insert d into MOCVD (Metal Organic Chemical Vapor Deposition) equipment and thermal cleaning is given by heating 
substrate temperature in temperature of 800-1050 degrees C. 

[0047] Next, in temperature with a growth temperature of 800-1000 degrees C, an GaNrSi layer is formed as an n side 
buffer layer 18 on the 1 principal plane of a single-crystal-silicon substrate. Although the thickness of this GaN:Si layer 
chang s with the doping concentration of Si, its about 3 micrometers are desirable. 

[0048] Next Si02 is formed as a mask 20 on an GaNrSi layer at the thickness of about 0.2 micrometers, and it is shown in 
drawing 8 — as — a mask — barrieHayer growth with a depth of about 0.2 micrometers — only a predetermined number 
vacates a hole 19 so that it may stand in a line length and horizontally in the shape of a straight line, respectively the 
barrier-layer growth which vacated for the mask here — a hole 1 9 is a portion which takes the lead in a barrier layer 22 in 
a next process, and corresponds to the pixel at the time of constituting display etc. Moreover, you may form a mask 20 
using SiN. 

[0049] Next a single-crystal-silicon substrate is heated in temperature of 800-1000 degrees C. about 1 micrometer of 
GaN:Si layers is formed as an n side clad layer 21, a singie-crystal-silicon substrate is further heated in temperature of 
600-800 degrees C, and InGaN (3nm - about 6nm)/GaN (about 5nm) is formed on an GaN:Si layer as a barrier layer 22 of 
murtipl x quantum well structure (MQW:Multi-Quantum-Well). the barrieHayer growth which the GaN:Si layer and the 
InGaN/GaN layer were not formed on the mask 20 at first but vacated for the mask 20 here — it is formed into a hole 19 
and barrieHayer growth — after a hole 19 is buried — barrier-layer growth — it spreads around along the upper surfac 
of a mask 20 focusing on the portion of a hole 19, and is formed in the shape of a hexagon this time — each barrieHayer 
growth — it adjusts so that barrieHayer 22 adjoining comrades which spread and grew from the hole 1 9 may not be 
c nnected 

[0050J thus, an GaN:Si layer top — a mask 20 — forming — a mask 20 — barrieHayer growth — a hoie 1 9 — vacating — 
a barri r layer 22 — forming — each barrier-layer growth — the process of the isolation performed with the form of th 
1st operation mentioned above can be facilitated by controlling and carrying out so that the adjoining barrier layer 22 which 
gr w up to be a hole 1 9 may not be connected 

[0051] Moreover, although the content of In in an InGaN/GaN film changes with luminescence wavelength demanded, it is 
desirabl to consider as 1% - about 80%. Moreover, as a barrier layer, InGaN/AIGaN, InGaN/AIN, etc. can also be used 
b sid s InGaN/GaN. 

[0052] Moreover, the color of luminescence obtained from the Light Emitting Diode element 26 can be changed by doping 
rar arth to InGaN like the form of the 1 st operation. 

[0053] Next a single-crystal-silicon substrate is heated in temperature of 800-980 degrees C, and a AIGaN:Mg layer is 
f rm d as a p side clad layer 23 on an InGaN/GaN film at about 0.1-0.2-micrometer thickness. 

[0054] Next a single-crystal-silicon substrate is heated in temperature of 800-980 degrees C, and GaN:Mg is formed as a p 
sid contact layer 24 on a AIGaN:Mg layer at about 0.1 -micrometer thickness. GaN:Mg as a p side contact layer 24 forms 
by making Mg concentration into height 

[0055] Here, B may be mixed in the GaN layer and AIGaN layer which are carrying out the clad of the barrier layer 22 if 
n d d, and BAIGaN which made [ many ] content of aluminum may be used for them. By mixing B, the stable disposition 
top f InGaN under it and electronic overflow can be suppressed, and the effect of improvement in luminous efficiency can 
b acquired 

[0056] In the above, the peach same as a raw material of Ga. N, and Mg as the form of the 1 st operation can be used. 
[0057] Next the electrode pad 16 is formed on a GaN:Mg layer. The above-mentioned substrate is washed, by the spin 
coater, a resist is applied and exposure and development are performed to the principal plane of the side in which the 
substrate carried out the crystal growth using the photo mask corresponding to the size and configuration of the electrod 
pad 16. And nickel/Pt/Au is formed by the vacuum deposition to thickness (10nm, 100nm, and about 300nm) after 
d velopment respectively, and the electrode pad 1 6 is formed by performing a lift off with an acetone. Moreover, you may 
form Ti/aluminum/Pt/Au etc. instead of hickel/Pt/Au. 

[0058] Next a transparent electrode 17 is formed The substrate in which the above-mentioned electrode pad 16 was 
form d is washed, a resist is applied and exposure and development are performed to the principal plane of the side in 
which the substrate carried out the crystal growth by the spin coater using the photo mask corresponding to the size and 
configuration of a transpar nt el ctrode 17 t f rm. and after d velopment (f r example, Au) — 10nm of thickn ss — a 
vacuum d p sition — forming m mbranes — an ac ton — a lift off — a line — a transpar nt lectrode 1 7 is formed by 
things 

[0059] N xt isolation is perf rmed Isolation can be perform d using reactive i n tching (RIE) etc. In this case, since an 
adj ining barri r lay r, a clad lay r, etc. d not contact but are form d indep ndently, resp ctively, they can make th sid 
th c nfiguration acijustment grad of an elem nt by *-»«****M» *ing. Usually, the barrier lay r menti ned above may 
p rform is lation by tching in the shap of a hexagon in ord r to gr w in th shap f a hexagon. 

[0060] Next r ar-face polish f a substrate is perform d A photoresist is applied to th front fac of th side in which th 
el ctr de pad 1 6 grade of a substrate which performed isolati n was f rmed, by th spin c ater as a prot ctiv coat And 
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the principal plane of an pp site side is gr und the side in which th rear face of a substrate, i. ., electrod pad 1 6 grad , 
was formed until the thickness of a Light Emitting Diode element is s t to about 100 microm ters using a grinder etc. 
[0061] Next the n el ctrode 11 is formed. Au, aluminum, r Cu is used as an n electrode 11. Wet etching etc. removes the 
oxid film formed in the principal plane of th side which gave th rear face of the single-crystal-silicon substrat which 
gave r ar-fac p lish, i.e., polish. And an aceton tc. removes th phot r sist f rmed in the front face of the side in which 
the front fac of a substrate, i.e., the abov -mention d electr d pad 1 6 grade, was formed, as a prot ctive coat and the n 
electrode 1 1 is formed by forming Au by the vacuum depositi n in thickn ss of about 0.2 micr meters at the principal plan 
of the side which gav the rear fac f a substrat , i.e., wet tching. 

[0062] Next a p type carrier is activable by annealing a singl -crystal-silicon substrate for 10 minut s at the temperature 
of ab ut 600-800 degrees C. 

[0063] Next the image display element 25 as shown in drawing 5 and drawing 6 is producible by performing a cleavage using 
a dicing saw etc. so that an element may arrange two or more each elements to the longitudinal direction of each elem nt 
At this time, the n electrode 1 1 prepared in the principal plane whole surface of an opposite side is also divided into each 
image display element 25 the side in which Si substrate used for the crystal growth carried out the crystal growth. 
[0064] 

[Exampl ] Hereafter, it explains using a concrete example. 

[0065] The image display element was produced based on the gestalt of the 1st operation mentioned above example 1. 
[0066] First the single-crystal-silicon substrate was prepared and it washed using the organic solvent And the washed 
substrat was inserted into MOCVD (Metal Organic Chemical Vapor Deposition) equipment, and thermal cleaning was giv n 
by heating a substrate at 800 degrees C. 

[0067] Next the single-crystal-si! icon substrate was heated at 750 degrees C, and the AIN:Si layer was formed as a buffer 
lay r n the 1 principal plane of the substrate concerned at the thickness of 0.1 micrometers. 

[0068] N xt the single-crystal-silicon substrate was heated at 800 degrees C, and the GaN:Si layer was formed as a buff r 
lay r n the AIN:Si layer at the thickness of 0.5 micrometers. 

[0069] Next the single-crystal-silicon substrate was heated at 1000 degrees C, and the AIGaN:Mg layer was formed as a 
clad lay r on the GaN:Si layer at the thickness of 0.2 micrometers. 

[0070] Next the single-crystal-silicon substrate was heated at 700 degrees C, and the InGaN/GaN layer was formed as a 
barrier layer of multiplex quantum well structure (MQW: Multi-Quantum-Well) on the AIGaN layer at the thickness of 3nm. 
[0071] Next the single-crystal-silicon substrate was heated at 980 degrees C, and the AIGaN:Si layer was formed as a clad 
lay r n the InGaN/GaN layer at the thickness of 1 micrometer. 

[0072] Next the single-crystal-silicon substrate was heated at 980 degrees C, and GaN:Mg was formed as a contact layer 
on th AIGaN:Mg film at the thickness of 0.1 micrometers. 

[0073] Next, the singie-crystai-siiicon substrate was washed, the resist was applied to the principal plane uf the siue in 
which th single-crystal-silicon substrate carried out the crystal growth by the spin coater, and exposure and development 
wer p rformed using the predetermined size and the photo mask of a configuration. nickel/Pt/Au was formed by the 
vacuum deposition in thickness of 10nm, 100nm, and 300nm after development respectively, and the electrode pad was 
form d by performing a lift off with an acetone. 

[0074] Next the substrate in which the above-mentioned electrode pad was formed was washed, the resist was applied to 
the principal plane of the side in which the single-crystal-silicon substrate carried out the crystal growth by the spin 
coat r, and exposure and development were performed using the predetermined size and the photo mask of a configuration, 
after d velopment and Au — 10nm of thickness — a vacuum deposition — forming membranes — an acetone — a lift off - 
- a lin — the transparent electrode was formed by things 

[0075] Next reactive ion etching (RIE) performed isolation by ******** **ing to the predetermined thickness of an GaN:Si 
lay r. 

[0076] Next the photoresist was applied to the front face of the side in which the electrode pad of the single-crystal- 
silicon substrate which performed isolation etc. was formed, by the spin coater as a protective coat And the principal plan 
of an opposite side was ground the side in which it formed, the rear face, i.e., the electrode pad etc., of a single-crystal- 
silicon substrate etc., until the thickness of a Light Emitting Diode element was set to 100 micrometers using the grind r. 
[0077] Next wet etching removed the oxide film formed in the principal plane of the side which gave the rear face of the 
single-crystal-silicon substrate which gave rear-face polish, i.e., polish. Next the acetone removed the photoresist formed 
in th front face of the side in which it formed, the front face, i.e.. above-mentioned electrode pad etc., of a substrat tc. f 
as a protective coat and n electrode was formed by forming Au in thickness of 300nm at the principal plane of the side 
which gave the rear face of a substrate, i.e., wet etching. 

[0078] Next using the dicing saw, the cleavage was performed so that a Light Emitting Diode element might arrange in th 
snap f [ 5-50 ] a straight line on an image display element and the image display element was produced. 
[0079] And the LED display equipment was constituted by performing wiring of lamination and an electrode for the image 
display element produced in the above, as shown in drawing 4 . 

[0080] When image information was displayed for the LED display equipment constituted by the above by current drive, th 
pictur of high brightness and high color quality was able to be acquired. 

[0081] The LED display equipment obtained above is constituted by putting in order the image display element which 

quipp d with seven Light Emitting Di de elem nts th substrate us d f r the crystal growth of a Light Emitting Diode 
elem nt Sine it b came unn c ssary to put ne Light Emitting Di de lement in rder at a tim and an image display 
element was mount d as a bas unit by this, th Light Emitting Di de element was abl to be m unted efficiently and 
simple. M r over, that what is necessary is just to carry ut for very image display I m nt also ab ut wiring of an 

lectr d , since it was n t n c ssary to wire ne Light Emitting Di de lement at a time, th lectr d could b wir d 
efflci ntiy and simple and th r liability of wiring also improv d. 

[0082] Th image display lement was pr duced bas d n th f rm of th 2nd p rati n m nti n d above exampl 2. 
[0083] First the singl -crystal-silicon substrate was pr par d and it wash d using th rganic s Ivent And the washed 
substrat was ins rted into MOCVD (Metal Organic Chemical Vap r Dep sition) quipmertt and th rmal cl aning was given 
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by h ating a substrat at 800 degr s C. 

[0084] N xt the single-crystal-silicon substrate was heated at 750 degrees C, and the GaN:Si lay r was f rmed as a buffer 
layer on the 1 principal plane f the substrat concerned at the thickness of 3 micrometers. 

[0085] N xt Si02 was formed as a mask on the GaN:Si lay r at the thickness of 0.2 micrometers, a mask — barri r-lay r 
gr wth with a depth of 0.2 micr meters — only the predetermined number f rmed th ho! in th in- very-direction 
dir ction 

[0086] Next the substrate was heated at 1000 degrees C and the GaN:Si layer was f rmed in the thickness of 1 
micrometer as a clad layer. Furthermor , th substrat was heated at 700 degrees C and InGaN (3nm)/GaN (5nm) was 
f rmed as a barrier layer of multiplex quantum w II structur (MQW:Multi-Quantum-Well) on the GaN:Si lay r. In order to 
produce th Light Emitting Diode elem nt which mits light in red light Eu was doped t the barrier layer, the barrier-layer 
growth which the barrier layer was not formed on the mask at first but vacated for the mask — it was formed into the hole 
and barrier-layer growth — after a hole is buried — barrier-layer growth — it spread around along the upper surface of a 
mask focusing on the portion of a hole, and was formed in the shape of a circle 

[0087] Next the substrate was heated in temperature of 1000 degrees C, and the AIGaN:Mg layer was formed as a clad 
layer on the InGaN/GaN layer membrane at the thickness of 0.2 micrometers. 

[0088] Next the substrate was heated at 1000 degrees C and GaN:Mg was formed as a contact layer on the AIGaN:Mg 
layer at the thickness of 0.1 micrometers. 

[0089] Next the single-crystal-silicon substrate was washed, the resist was applied to the principal plane of the side in 
which the substrate carried out the crystal growth by the spin coater, and exposure and development were performed using 
the pr determined size and the photo mask of a configuration. nickel/Pt/Au was formed by the vacuum deposition in 
thickn ss of 10nm, iOOnm, and 300nm after development respectively, and the electrode pad was formed by performing a 
lift off with an acetone. 

[0090] Next the substrate in which the above-mentioned electrode pad was formed was washed, the resist was applied to 
the principal plane of the side in which the single-crystal-silicon substrate carried out the crystal growth by the spin 
coater, and exposure and development were performed using the predetermined size and the photo mask of a configuration, 
aft r development and Au — lOnm of thickness — a vacuum deposition — forming membranes — an acetone — a lift off - 
- a line — the transparent electrode was formed by things 

[0091] Next reactive ion etching (RIE) performed isolation by **********ing the sides, such as a barrier layer, to the 
predetermined thickness of a clad layer. 

[0092] Next the photoresist was applied to the front face of the side in which the electrode pad of the single-crystal- 
silicon substrate which performed isolation etc. was formed, by the spin coater as a protective coat And the principal plan 
of an opposite side was ground the side in which it formed, the rear face, i.e., the electrode pad etc., of a substrate etc., 
until the thickness of a Light Emitting Diode element was set to about 1 00 micrometers using the grinder etc. 
[0093] Next wet etching removed the oxide film formed in the principal plane of the side which gave the rear face of th 
single-crystal-silicon substrate which gave rear-face polish, i.e., polish. And the acetone removed the photoresist form d in 
the front face of the side in which it formed, the front face, i.e., above-mentioned electrode pad etc., of a substrate etc., as 
a protective coat and n electrode was formed by forming Au by the vacuum deposition in thickness of 500nm at the 
principal plane of the side which gave the rear face of a single-crystal-silicon substrate, i.e., wet etching 
[0094] Next the p type carrier was activated by annealing the substrate which carried out the crystal growth in the abov 
at the temperature of 800 degrees C. 

[0095] Next using the dicing saw, the cleavage was performed so that a Light Emitting Diode element might arrange in th 
shape of [ seven ] a straight line on an image display element and the image display element for red luminescence was 
produced. 

[0096] Except doping Tb instead of Eu to a barrier layer, tike the above, the image display element for green luminescence 
was produced, and the image display element for blue luminescence was produced like the above except doping Tm inst ad 
of Eu to a barrier layer. 

[0097] And the LED display equipment was constituted by performing wiring of lamination and an electrode for the imag 
display element produced in the above, as shown in drawing 4 . 

[0098] When image information was displayed for the LED display equipment constituted by the above by current drive, th 
picture of high brightness and high color quality was able to be acquired. 

[0099] The LED display equipment obtained above is constituted by putting in order the image display element with which 
th substrate used for the crystal growth of a Light Emitting Diode element was equipped seven Light Emitting Diode 

I ments. Since it became unnecessary to put one Light Emitting Diode element in order at a time and an image display 

I ment was mounted as a base unit by this, the Light Emitting Diode element was able to be mounted efficiently and 
s\mp\ . Moreover, that what is necessary is just to carry out for every image display element also about wiring of an 

I ctrode, since it was not necessary to wire one Light Emitting Diode element at a time, the electrode could be wired 

fftci ntly and simple and the reliability of wiring also improved. 
[0100] 

[Eff ct of the Invention] As explained to the detail above, the substrate for crystal growths to which it comes to carry out 
the crystal growth of each class of a light emitting diode element which has multilayer structure one by one is divided, and 
I t th imag display element c nc rning this inv nti n be the rooHike structur by which tw or more light emitting diode 
el ments were arranged in the shape of a straight lin . 

[0101] Ther for , the imag display el ment concerning this invention b c m s able [th mounting man day of th Light 
Emitting Diod lement at the time of f rming display etc. and the number of wiring f an I ctrod ] to cut down sharply. 
[0102] Th refor , in case the imag display el ment concerning this inv nti n c nstitutes display etc.. it becom s what was 
xcellent in productive efficiency, and it can display the good high-definition picture f visibility. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has b en translated by c mputer. So the translation may not reflect th original pr cis ly. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are n t translated. 



DESCRIPTION OF DRAWINGS — _ 

[Brief Description of the Drawings] 

[ Drawin g 1] It is the plan of an example of the image display element which applied this invention. 
[Drawing 2] It is drawing of longitudinal section in X1-X2 line of drawing 1 . 

[ Drawing 3] It is the enlarged vertical longitudinal sectional view of the Light Emitting Diode element section of drawing 2 . 
[Drawing 4] It is drawing showing the state where display was constituted using the image display element which applied this 
inv nti n. 

[Drawing 5] It is the plan of other examples of the image display element which applied this invention. 
[Drawing 6] It is drawing of longitudinal section in X3-X4 line of drawing 5 . 

[Drawing 7] It is the enlarged vertical longitudinal sectional view of the Light Emitting Diode element section of drawing 6 . 

[Drawing 8] a mask — barrier-layer growth — it is the plan showing the stats where the hole was formed 

[Drawing 9] a mask — barrier-layer growth — it is drawing of longitudinal section showing the state where the hole was 

formed 

[D scription of Notations] 

1 Image Display Element 2 Light Emitting Diode Element 3 Substrate for Crystal Growths of Light Emitting Diode Element 
Th 4n side buffer layer, 5 The n side buffer layer, 6 n side clad layer, 7 A barrier layer, the 8p side clad layer, 9 The p sid 
c ntact layer, 10 p electrode, 11 n electrode, 16 electrode pad, 17 A transparent electrode, 18 n side buffer layer, 19 
barri r-layer growth — a hole and 20 A mask and 21 The n side clad layer and 22 A barrier layer and 23 The p side clad 
lay r and 24 The p side contact layer and 25 An image display element and 26 Light Emitting Diode element 
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b, Dy, Ho, Er, Tm, Yb, Lu^fflV^5^ 
fStC, Eu> Sm, Er*h-7t5CJ: 
^«fc>), m&ft?t*nzZ£iPX'g, Tb*H-7't5 

[0 0 2 1] WlOiatbt, InGaNC^®# 

WRftftiU ^^Bi^*^?*^4fc:^1-J;dt 
^— fe©H^^*? l 2, m-fe©iB«a^^i 
3, *=ft©mfl«**3Pl-4©«T!M*EKU Pi 
S 1 ORUnmm 1 1 ^^X-Jiy-f ^^fflV^TKi^l- 

[0 0 2 2] Sfc, ±f3tc*5WT InGaNt K-^i" 
?.#±«5n*^MS?U K4 5 0~4 



5 

8 0 ni®|*«fi^ tl-fefcUkfix IP*> 5 0 0 ~ 
5 4 0 nm<D%ft$i&mm. »=fi**ftN IP*. 6 1 0 
~6 4 Onm©^:ft&ft^£i§!£-r t)> R 
GBOSgSIili;^?^ C*i£>RGB3fe©Hi 
^a^? : £04(c^1-<t-5fcllS*EMb N pW&Rtf 

[0 0 2 3] W±© i-5 CM^iifclSS*!? 1 
[0 0 2 4] if, LED#^©*§II$;ftfflfflMK3i|i. 

CVD (Metal Organic Chemical Vapor Deposition) 
SlBl*lfc:#AU *&i&K£0iJ;?.l£8OO~lO5O-C 

©&K£iaf&-f s c £ sc j; t> -->y&s& 

[0 0 2 5] mmis 'J 3 >Sfi©-iI±t:^ 
^J^.{fJE£SiajK7 0 0~1 0 0 0'C©*&KJC:fc^Tn{P.!l 
n^77l4tUTAlN : S i S£ff2j&1-£<> 

[0 0 2 6] &Jc, f^I->'J3>SSfei^i7 0 0 
~1 0 0 O-CCi&KfcbDgfcU A IN : S iJf±CM>.y 
7rJB5 tLTGaN : S ijf£0. 1 fim&.±(Dmfr 

[0 0 2 7] flKI>'iJ3>lSSMIil0 0 

O'CoaKCiPl&U GaN:Sii±t:, ntfj^y 
h*B 6 i: UT (A 1 ) G a N : S ijg£ 1 ^m!S®S 

~8 0 0-C©?&KtcSnl^U AlGaNS±{Cs ^SS 
^ttpfltii (MQW : Hulti-Quantum-Well) ©SteS 7 
bT I n G a N/G a NJf £ 1 ~ 6 nmgjg©ff ^IC 
fl$fiE1"5o CC-e, InGaN/GaNifffflln©^ 
^fitts gSfcSftSSg^S, IP*>3SftfeC«fcDJI$:S 
1%~8 0%S£^£;ii:*W£bV 1 >o #J*fc£, 
InGaN/GaNfcfOI nfflt«IS 2 0%mmt 

fz, 5 0%tt±t1-S^li;^«t»3^fe©^*#SCi: 
#T-£So Sttittm InGaN/GaN 

©iCInGaN/A lGaN4>InGaN/AlNf 

£ffl^i>;ifcfc-e£So 

[0 0 2 9] Sfe, InGaNCf±SSh--/t2.C 
££J:tK LEDfH? 2 e>*x£$gft©«ftx IP*. 

fe^^fb^-frS-t^T-t-So CCC, AlGaNCK 
-7'BJiE&#±fS£:b-CBu La, Ce s P 

r\ Nd, Pm, Sm v Eu> Gck Tb, Dy, H 

o, Er, Tnu Yb, L u^£fflV»£>C £>o 
iftfC, Evu Sm, Er5 V — 7"f 5Cfct<t tK 
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fe^fcffSdi:*'-^ Tm& K-^-TSCi: 

K <fc 5 £ h ifi X § So 
[0 0 3 0] **SBS/U:3:'3fcK*0l*.tt9 8 0 

•C©i&K£;&0f!ftU InGaN/GaNllIC, pfflif 
5 y KB 8 h ITA IGaN : M gJB4 0 . 1~0. 2 
XimilCf^iClitS. uCT\ A 1 GaNt* 1 ) 
mZfeXtZZtlZi.*), -?-©T©I nGaN©^tt© 

i?i±w-^-7d -m^nmic a s^^*©[ri±© 

10 3b*£*f 

[0 0 3 1] 4MSA£^ U 3 >afcK*mtf 8 0 0 
~9 8 0*C©i&K£;!jnf§&U AlGaN:Mgi±C, 
pfi)3>^^M9tttGaN:Mg§0. Umg 

[0 0 3 2] ±§B£:i3^T. G a ©JiCifti: bTJ±, r »J 
^U^l/tfU £A (TMG a) ^ b U ^)VjJ U >> A (T 
EGa) ^SCttft'lS, N©Jg#4£:bT 
tt. NH3£ffl^?.c:i:#T*£&o ^bt, Mg©JS#4 

20 A ( (MeCp) s Mg) -$>^>^ D--<.>* >^<7^> 

^a (Cp 2 Mg) zm^&zt&xgz. 

[0 0 3 3] ±IBC:fc^Ti^JjK«$-B-fe»l££ 
mZ.bS.8 0 0*CftK©MAT i — /UT^-i: 

\Z <fc t) p M© * * 'J T £ t£14< b"T 5 i h # t- £ S o 

[0 0 3 4] GaN : MgI±tlti;Vv K 1 6 

tr^m^xmit, si&£fT-5o -ei-c. mz.& 

30 Ni/Pt/AuS^tllOnm, 1 0 0 nnu 3 
0 0 nmgJS©Ki?{c^««t <t S/&ffltU T-b K >T- 

[0 0 3 5] ifetc, ^«®$r^-r^o ±&wm*v 
-eatsro^SfiKft^-B-fefJi©^®^!/'^^ h*m*nb, 
Y~?7>7*m^xnyt, mk^ftoo ^vx, mmt, 

MitfAu^if 1 OnmCIfffiCiDMU THr 
r>T?y 7 b^-7 4^Ct^«tt)5B^«5il 7S:ff^-r 
40 So 

[0 0 3 6] ftC, ^^*frdo ^Jx. 
a';7^T^7>f^>x^>^ (RIE) 
T, GaN : S iM©^©i*^*-C^f ^vy-TS^ 
£:fc:<fc$fT-5cri:#-t-#5o 

[0 0 3 7] *tc, »S©«BWS*f70o ^^-S* 
fTofc»«©S@^y b" 1 6^feff^bfcW©*®t:, 

2.. fbt, ^^fS«^^fflV^'rLED||^©P^^Jx 
{£ 1 0 O/imSSC^Sifftgcm !P*,m8i^>y 
50 K 1 6^4ffMUfc<li:S^{ffl©±@©We$:ffdo 
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[0 0 3 8] nmm 1 1 £J£fiE-r 3. ntg 1 1 

tim au, aixh:cu£/8v^. mmmmzm 

ffl£©3l@, flP£±BM"" r* 1 BttBf&Lk. 
{PJ|©S®£«g|g?k UTJ^«Lfe7 * b l^* h ^T-tr 

>yft!tUfc«<D^iSCmKAu4 3 0 0 nmiSO 
JP*CJR*JSCJ:«)JWr*ci:K:J:5n«Sil 1 
J*^S. 10 
[0 0 3 9]&&C, LEDJR?2 5&«H«*^*?1±C 

fflV>T~.tW£fr5;rk£<fc >K il, 02£jjrr,fc-5 

±BC*v*TfWLfcnWi l l 6#MMctX? l 

[0 0 4 0] fg2©»i£©®Jg 

H5 7S£BI7fc: % #IB?B&»ffl bfcSilfe*7js3&?©fk© 

©^FHETfeS. HStiU EU©Xa-X«*fc:|3J*3lfE 20 
WBHTJ**. BTHU L E D^gf5©iK£BfB0 

[0 04 i ] ±ztim&.m.mm : f- 2 5 ii, led»+26 
0^1*Sffl©Sit-fe5S i»1£k, S iS4K©-£ 
I±CMS*lfcni|;ty 7rl 1 8ffe5GaN: S 
ijifc, GaNB±fc^jEj££fttStt«j5£JI?Ll 9 ftOgx. 
feT^2 0T^SiO 2 ^ rSt£Bfi£S?Ll 9«fC 
MShfeni*79 HJf 2 lT-feSGaN : S iff 
k, ?SttJlJ««?Ll 9*Atf^f 2 0 ±JCBJjfc£*lfc 
SttI2 2ffe5InGaN/GaNli:, InGaN 30 
/GaNI±CM?nfepH'79 K«2 3TJ**A 
lGaN:Mgft A 1 GaN : Mgm±£Mf&£ti 
fcp{Sl3>^^ r Jf2 4ffe5GaN : MgJIk, Ga 
N: Mg«±CJIiSj£SftfcptWl Ofc, S i£tft©flb 
£®Cfl$f£;**lfcn®ll li:J*t5LEDi?2 6 

[0 04 2] ±nOMkfta%X? 2 5 tt, rSttif 2 2 SJfc 

IfclfeS^^ 2 0£{£fflbT©tSttJ12 2©JfJj£C 

[0 0 4 3] ±§BLED3R?2 6 C^Tfciu LEDI 
^!6iiJaJUS©*tK3 TffcSflUSIlS' U 3 >««©- 
£®±£, n4UMy:7;rJf 1 9T-&&GaNB#®f£,£ 
*U SiGaNliCY^^ 2 0 J: LIS i 0 5 tfM 

-r <t o cl^H»*ra^:*sv^Tl!f«©a»RC36* J: a ts 

tt, Stt«2 2ftj«Rar**|KKifiC>4:*4««-C* 50 
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!>» rSfiJlJE&SJl 1 9©flSSKtts nflj^^y KJf 2 1 
k bTGaN : S i 1 AmgaE©JP*C»fiR 
£ftSo ^bT, GaN: S i Jf ±#rS&«SKS?l 1 9 
ftStf>v Sffl|2 2f*5 I nGaN/GaNfltflC 

2 o©±atc?&o-r«aix.«7 , s^tff^^nTV'> 

So 

[0 0 4 4] «±©J: -3 cfclc J: t>, 

S^* ; ?2 5±C*B-*LED3R?2 6©<uB&«>£1@ 
ffi*>ofitfJ|£fT3 3k#T-t, LEDI?2 6©i2fflf 
«©SV^Bi«fea^SR^ 2 5 k"f 5 C k#T ft 5. 

[0 0 4 5] ^±©<t-5fc«lfiK$tlfcuB^^SS^2 5 

[0 0 4 6] *-T> LED«f©^SMoa«3t 

MOCVD (Metal Organic Chemical Vapor Depositio 
n) ) ^BflCjfAl, *£i&K£#lx.fc£8 0 0~1 0 

5 o-cciaKtcAp^-rs^ktitnt-^i/^'j— -> 
[0047] #c mmg>is u n >a«©-3EB±t. 

^Jx.ii^SM-K8 0 0~ 1 0 0 O'COiagtc^^TnflS 
;*s»:7rjf 18k bT GaN : S iJlfcJKfiWS. -© 
GaN: Si «i©^<#rau S i © H— c > '>'ifit i. v 

mb-rz>&. 3/zm*ig#$?£b^,, 

[0 0 4 8] GaN: SiI±C, -?x^20i: 

bTSiO 2 £0. 2jummm<Dmfrlcmf&?2>o -?b 
T\ iSC^tiatv^^fc, g££0. 2//miIj8© 

«ttfffigs?Li 9ft^t, «fc*ft*fta»RK:a£.i:j;-3 

jfcK?ll 9t±, »©xg^43V%trSttii 2 2©^^k^ 

St)©T-feSo VX^2 0lt SiN£fflV>Tfl5 

fi£bT*>&t\, 
[0 049] ifcfcl, 1M3A*> U 3 >S«£0];cfc£ 800 
~ 1 0 0 0 •C©ia8£;&Q£fcU nffl^ 7fb-I2 1 k b 
TGaN : SilSl/imlSMU KtcJUttaS" V 
n>*Kft^^.{S6 0 0~8 0 0°C©aK{Cin^bTG 
aN : S i®±^#SS^#Fa3fi (MQW : Multi-Qu 
antum-Well) ©SttB 22k bT InGaN (3nm~ 
6nmgJK) /GaN (5nmIS) ft^fig-TSo ^ 
Tv GaN: S iJl&tf I nG aN/G aNfli, g%0 
fix'^^ 2 0±(Ctt^$n-f, VPC^7 2 Ot^ttfctS 
filial 9cD*tM$n5 0 ^bt, rSttSfiSS 
?L1 9^Siofe«tt v ^fiSM^JLl 9©SB#£*ii> 
kbTV^^2 0©±®{caoTfflt)tlSA J »), 
tttBi^tiSo c©k^, £-i5«UgfiMHl 1 9*t>jS 
^oTfiEftbfcgS^SrSttB 2 21Hl±^jg^^^^ e t 

[0 0 5 0] £©«fc5K, GaN: SiI±t:Y^^2 

o ^mu 2 o izm&mmMn 1 9 ft^ttx^ 
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2 2 *Bf& U &*Sttj|j&mL 1 9 bfcl&Jg 

-rs?si4jf 2 2#si#£:&:u,£5£f6y3PbTf 5utt 

[0 0 5 InGaN/GaNI*©In®^ 
WStt, 5?*3ft 31^**6: J: !>*fe**^ 1%~8 
OXSltfrs 3 bv». P»MSi:bT 

li, InGaN/GaNCfltlnGaN/AlGaN 
^InGaN/AlNWffl^iCkMSS. 

[0 0 5 2] £l©9EK®JBB2:nflM^ InG 10 

aNtf±S^K-7tSIi:t<t!), LEDf?26 

[0 0 5 3] #i£Iiv''J3>»K£#l;Lfcf 8 0 0 

~9 8 CCcaSCJnillfcU I n G a N/ G a NK-h 
C, p«*7 s> Kl 2 3 J: If A 1 G aN : Mgi* 
0. 1~0. 2//mSJS©MJP^BJ5£-r5. 

[oo5 4]#£. #fi^>';3>afisMH8oo 

~9 8 0*C©«flES:i»lflfcU Al GaN : Mgjf_ttC, 
p«3>^^M2 4i:ltGaN:Mg&0. 1/im 
SKOKffC^f 4» P®|3>** r«2 4fcbT© 20 
GaN : Mgli, M giS,K£iS«>£ UT^f 3. 
[0 0 5 5] :;T\ rS14«2 2<£^7>y KbT<^3G 
aNSx AlGaNJli3|±, jBBClS&TBSiSAU 
A 1 ©£#**# < bfe> B A 1 G a N*fc J8 % & 

jettlSiLb**? /t— 7 P-S#P*.-C»JteSMs©fiLt 

[ 0 0 5 6 ] ±§3C:i3V , >T> Ga, N, MgCOmUt^ 
Ttt, *l©SS«©ra«te©K©*»*»Sfliv*«;ri:3&*-e 

30 

[0 0 5 7] GaN : MgliCiSn^ K 1 6 

-hfa«S^^b, £tK©f£A&K31*fc 
{PjJ©£B£;*t:>n — ^— t?us;;* hft^fcu «fis^ 

v>T»fex MiSL&froo fbt, «*ttNi/ 
Pt/AuS^tl-?lll Onm, 10 0 nm N 30 On 

fe, Ni/P t/Au©ttfc>!)£T i/Al/P t/A 
[0 0 5 8] igUttll 7^^fi£1-2>. ±fB«ffi 

v^^ftffl^T«3fc, m^^fTdo btv M 
xSAuSif 1 OnmClfatiOMU r 

>r- y 7 h * 7 - 1 c i 5 i 7 £ff^-r 

[0 0 5 9] ifct, 3R-f«-lllftfT-5. «^StBu «iU 
(£1)7-*^ r-f ^Vxyfyy (RIE) ^ftfll^T 50 
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tv^5f;fi)s ^©#IB£^y^><7*-f 3 N * 

^©B#13®g«i:-r3ci:#T-§3. SMTBU ±lb 

[0060] ^©ssawsftfr?. m^frm* 

fTofe»S©«fl|^^ P 1 6^&ffJjE£L,2rffi3©^Blc, 
ftlltbt7K>3-^-t7*bUyXhSf$t 

«io o/zm@K^c)S5*•r*a^©s®^ ip*.sai^v 

P 1 6«?ftJBdSbfc«fcfi«fflJ©ia<DW»ftff5. 
[0 0 6 1] &fc: N nil 1 1 feflgjft-fs. nffi 1 1 
tbtlt Au, AlXttCu&AVtS. SBWSftlfc 
l*JNS»S' U ^ >fflK©£Bs IP*>Wa£S6bfc#J© 

^bT, St6©*B. BP«±B«B/ty pi 
6<Sfft^U&IB©aiBt:«MRi: tTMbfc7* P 

P;xy ^>^&£ffibfcflJ©£@£#l;Li;f Au£ 
0. 2 < amg«©P^^^*StJ;»3J5gJ«1-SCi:{c < t 
SnSSil 1 

[0 0 6 2] *IS»i'y=i>aHES«l*tt6 0 0 

-8 0 o*CSft©»irc i 0^-HT--;i/-r5ci:t:i 

[0 0 6 3] *t N «n«n©SK?ftftSK?©A¥#l4 

ffl^T^tl8£fTd<r i:£<fc >3 N 15, H|6 t^-Ti^ 
&Mfc&jftR?2 5ftffS-rscii:#fgi.. z<Dt 

ttflJ©£B-B£©tt£ti&n««il 1 k&mu&mTnm 
=f- 2 5tC#&£*VtV>3o 
[0 0 6 4] 

[£ffi0i] filT, R(M?ja:Safi«l*fflV^TlliiH-r5. 
[0 0 6 5] ^asMJ 

[0066] *ie«s/y3>aMRSJ|iMu «n 

JBJB*«V%T«»Ufc. f bt, fti^bfcfflRft, MO 
CVD (Metal Organic Chemical Vapor Deposition) 
IIfit»Ab, ffi«ft 8 0 O-CSObDilfc-rSCltlC.fcf) 
•9-— U-->^£ffibfc„ 

[0 0 6 7] #«gA>> »J 3 7 5 0 -CCiD 

Sft b, 3M©-±I±C^ s»77ltbtAlN: 
SiJiftO. l^mfflf^CMbfe. 

[0 0 6 8] #iSg B ^^> 'J 3 >«KS 8 0 0 •CCJD 

«ftU A1N : SiS±Dty77lJ:btGaN : S 

iHftO. 5>um©il^{Cjf^b*:„ 

[0 0 6 9] JHSBi/ y 3 >S#c£ 1 0 0 0°Ctz 
jDl^b, GaN:SiS±tr, *> FJBi: bT A 1 G 
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aN:MgJf£0. 2 vumCDJP&tCffcfiS b/&«> 

[0 0 7 0] #gl^U3>fflg$7 0 0*CCiD 

»U AlGaNl±tI, $>mS.*#pm&. (MQW: 
Multi-Quantum-Well) ©S&JIi: bT I n G a N/G a 
NB£ 3 nmCDff^tcjgJ^Lfco 

[0 0 7 1] *C, JMSAS/U3>aCK«9 8 0*C£;t)D 
fftU InGaN/GaNIli:, *7»l«ikUA 
IGaN : S iJlft 1 /tm(D)|»C«*bt. 

[0 0 7 2] JMSA3'V:3>&£&9 8 0*CCiD 

iU A IGaN : MggLhlC, 3>*^ hJlhbTG 10 
aN:MgftO. lAmfflfftCMlfe. 

[0 0 7 3] ftC, JllfcaS' U 3 >»KSflsJ*U 4M6 

h^^sffl^Tg*, ga&fcfro&o mut, Ni/ 

P t/Auft-eft-eftl 0nm s 10 0 nm, 30 On 

ftf? ^ c £ fc <fc *) Wm* * K ftJfcfS bfc 
[0 0 7 4] ±BM/^9 r-ft^J&bfcSffift?* 

#U ^U>3-^-T*iiSffi^'J3>*SCD^^« 20 

[0 07 5]^ 'J7*r-f (R 
IE) ti!), GaN : S iJ^©^©»^*i:■r-:t>.y7 ^ - 
[0076] sn^mftff o fcJMeas' u n 

^t^>n— * — T-73I- M/i?7> hft^frbfco -^bT, 30 
Sf©gift/8^TLEDf||?©P&#l 0 O^m^S* 

bfc<BI fc£t*HBI©±®©W«ftfTo fco 
[0 0 7 7] SSSflgftifg bfcJIMiSSS' U 3 >S 

0t&9:c? b^>y^></t:j;DI^*bfe<, ifetc^ »«© 

JK i: bT)f£/& b ft 7 * hv r ft T-fe r > £ £ 5 IBs* 
U fflg©*®. JP^7xy r^f^^ftJSbfcflOl© 

±®CCA\ift3 0 0nmffli^MtS-J:CJ;*)n 40 

S®ftBfi£bfco 
[0 0 7 8] ^-<^><yy-ftffiV^Ts LED1 

^ifim&m7Km : F±&m.mw.iz 5 ~ 5 0 <Hia?ij-r 3 «t a 

fc^SW*frV\ Blfifca^SR^^flbfe. 

[o 0 7 9] -ett, ±M^^xnm\,tzmm.m.7^m 

4 tc^-TJ; 5 C« «S©E^^fiSt-C 
[0 0 8 0] W±{CJ;!3«^$tlfeLED«^gft* 

miEi&t «tt)H^it«fta^$-a-fci:c5x jsssbl m 
£Sff©HK£ft*§s;:fc#-e§fco 50 
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[0 0 8 1] fcl±C43^T»&ft&LED*;5*«Btt x 

l e vm?(Di&ghmtnc&m b feats c l e d*? 7 a 

gSfctf). LED*?©^ftJSj*e<Jt, frofgffiKff 

^ttf-e^ SMR©««tt*IqI±bfc. 
[0 0 8 2] ^fif6ffil2 
±Mbfc^2©^JIi©JgJ|gC:«^tIH^*^SR?ft^Sg 

bfco 

[0 0 8 3] *-*\ *fifa^y3>aMR*ffl*u 

**!lfcB^Ti5lsi*Ufe. -£bT, ftJ*b&fflfifc N MO 
CVD (Metal Organic Chemical Vapor Depositio 
n) ) S«SC»AU S«ft8 0 0-CCSom-rsci; 
fciiHr— 'J-->^ftJEbfc. 

[0 0 8 4] ^l^'j3>SffiJ7 5 O'CKiD 

HftU SK*6©-£®±C^>.y:7 7>Jf ^bTGaN : 
S ijf ft3,um©JP#.fcrff2j£bfco 

[0 0 8 5] G a N : S iS_h£ N 

SiOaftU. 2 /zm©jp^C^J&u;£. 

ass 0 . 2 xtm©sigyij«ft?Lft««*iqifcm*©»« 

ttJ&J&bfc. 

[0 0 8 6] »£ft 1 0 0 O-CfciuSftU y 

KJffcbTGaN: S i Jfft 1 /zm©JP^£ffM bfc„ 
ICftS^ 7 0 0 •CtCinm bT G a N : Si M±.^m 
S^#P*3g (MQW : Multi-Quantum-Well) ©rSttJl 
fcbTInGaN (3nm) /GaN (5nm) ft^fS 
bfc. *fe^ft^t-^LED|g?ft#S1-?.fc:to^. 

isiiicEu^ h'-T-bfco fs^eti, m®&^xt± 

)ifigft?L©gP^-ft4"C>t bTv^^©±®(c?6-3Tffl 5 

[0 0 8 7] ifetd, S«ft 1 0 o o-cci&gcjni&u 
InGaN/GaNIIllC, * => s» K*4: bT A 1 G 
aN:MglS0. 2Am«f»i:lSElfe. 

[0 0 8 8] S«ft 1 0 0 0°CtJnf»U A 1 G 

aN:MgJf±£, a>^^ MtltGaN : Mg4 
0. 1 //m©|p^HBfiS;bfeo 

[0 0 8 9] ifetc. visas' y n >as«*i!fe}i»u 
©igaj^R^^^fJIciHtxirva-^-T-b^x h 
ft^b, ^©^^^^^©7* hv^^ftfflv> 
■cs^fes siiiiftfT-pfco Ni/pt/AuH 

tl^ettl 0 nnu 1 0 0 nm s 3 0 0 nm©S»Clf 

[0090] due, ±&nm*v Kftff^bfeasftijfe 
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[0 09 1]$t, ij?^r^ r-Y^l->ac^^>^ (R 

[0092] *?^-ffli^fT^ tzmmskis V 3 
mmmmzm^x l ed m^mfr&mtuti o o^m 
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